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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an SOT substrate wherein warp of 
the substrate can be relieved and manufacturing cost is low, and a 
manufacturing method of the SOI substrate. 

SOLUTION: An SOI substrate has a silicon substrate 101, an Si02 film 104 
formed on the upper surface of the silicon substrate 101, and a single 
crystal silicon film 105 formed on the upper surface of the Si02 film 104. 
The silicon substrate 101 is provided with a layer 102 of no defect which is 
formed in contact with an interface with the Si02 insulating film 104 and 
whose density of oxygen deposit Si02 is zero, and an oxygen deposit layer 
103 which is formed on a region except the layer 102 of no defect and has 
oxygen deposit density larger than the layer 102. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the SOI substrate which has the semi-conductor substrate for SOI substrates, the insulator layer formed in 
the top face of this semi-conductor substrate, and the semi-conductor film formed in the top face of this insulator layer 
The oxygen sludge consistency formed so that said semi-conductor substrate for SOI substrates might touch an interface 
with said insulator layer Zero or the 1st layer of a low consistency, The SOI substrate characterized by having the 2nd 
layer which has the oxygen sludge consistency higher than the 1st layer concerned formed in fields other than this 1st 
oxygen sludge layer. 

[Claim 2] The SOI substrate according to claim 1 characterized by for the thickness of said 1st layer being 25 
micrometers or less, and the oxygen sludge consistency of said 2nd layer being more than 1x105 cm-2. 
[Claim 3] While an oxygen sludge consistency forms zero or the 1st layer of a low consistency near the front face of this 
1st semi-conductor substrate by heat-treating to the 1st semi-conductor substrate The heat treatment process which 
forms the 2nd layer which has an oxygen sludge consistency higher than the 1st layer of the internal above of said 1st 
semi-conductor substrate, The adhesion process which pastes up said 1st layer of said semi-conductor substrate, and the 
2nd semi-conductor substrate through an insulator layer, The 1st processing process which processes said 2nd semi- 
conductor substrate to predetermined thickness, and forms the semi-conductor film, The manufacture approach of the 
SOI substrate characterized by having processed said 1st semi-conductor substrate after said layer formation process, 
said adhesion process, or said semi-conductor film formation process, and having the 2nd processing process to which 
said 2nd layer is exposed. 

[Claim 4] The manufacture approach of the SOI substrate according to claim 3 characterized by having set thickness of 
said 1st layer to 25 micrometers or less, and making the oxygen sludge consistency of said 2nd layer more than 1x105 
cm-2 in said layer formation process. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a SOI (Semiconductor On Insulator) substrate and its manufacture 

approach. 

[0002] 

[Description of the Prior Art] the semi-conductor substrates 301 top, such as a substrate, i.e., Si etc., as conventionally 
shown in drawing 3 , — Si02 etc. — the substrate of the structure in which the single crystal semiconductor film 303, 
such as an insulator layer 302 and a single crystal Si, was formed is known, and it is called the SOI substrate. 
[0003] Such a SOI substrate has the advantages - that the electric insulation between semiconductor devices is 
realizable at a simple process, and the component property of ULSI of metal-oxide-semiconductor structure can be 
raised by leaps and bounds. 

[0004] moreover - as the manufacture approach of a SOI substrate — the pasting-up method and SIMOX - law etc. is 
known. 

[0005] The pasting-up method is an approach of manufacturing a SOI substrate, by polish-processing or etching 
processing the front face of one semi-conductor substrate, and forming the semi-conductor film, after pasting up two 
semi-conductor substrates through an insulator layer. 

[0006] On the other hand, into a semi-conductor substrate, the SIMOX method is embedded by heat-treating, after 
pouring in high-concentration oxygen ion, and forms an oxide film, and structure as this showed to drawin g 3 is 
acquired. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the coefficients of thermal expansion of the semi-conductor 
substrate 301, an insulator layer 302, and the single crystal semiconductor film 303 differed mutually, the conventional 
SOI substrate had the fault of being easy to generate the curvature of a substrate. 

[0008] When using a SOI substrate for formation of a high power integrated circuit device especially, since it is 
necessary to thicken an insulator layer and and the high voltage is impressed to a component in order to secure the 
electric insulation between components, it is necessary to also thicken thickness of a single crystal half conductor layer. 
For this reason, the magnitude of the curvature of a substrate will become very remarkable. 

[0009] Here, when the curvature of a SOI substrate becomes large, formation of a component may become difficult by 
being hard coming to double a focus at a photolithography process. In addition, this fault becomes so remarkable that 
the rate of accumulation of an integrated circuit becomes large. 

[0010] Moreover, when the curvature of a SOI substrate becomes very large, there is a case where maintenance and 
immobilization of the substrate by the vacuum chuck, an electrostatic chuck, etc. become impossible, and formation of a 
component becomes difficult also according to this fault. 

[001 1] On the other hand, it is also possible by forming an insulator layer and the semi-conductor film also in the rear 
face of a semi-conductor substrate to ease the curvature of a substrate. 

[0012] However, by this approach, since it is necessary to add the process which forms an insulator layer and the semi- 
conductor film in the rear face of a semi-conductor substrate, the new fault that a manufacturing cost increases arises. 
[0013] Moreover, since it is exposed by the inside of the process at which the insulator layer and semi-conductor film 
which were formed in the rear face of a semi-conductor substrate form a component in this SOI substrate, thickness will 
become thin at an oxidation-treatment process or an etching process. For this reason, since the effectiveness of easing 
curvature by this thin film-ization decreases, it is difficult to acquire sufficient effectiveness. 

[0014] This invention is made in view of the fault of such a conventional technique, and aims at being able to ease the 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/29/2004 



Page 2 of 4 



curvature of a substrate and offering a 
[0015] 

[Means for Solving the Problem] 




substrate with a cheap manufacturing co: 




id its manufacture approach. 



(1) In the SOI substrate which has the insulator layer by which the SOI substrate concerning the 1st invention was 
formed in the top face of the semi-conductor substrate for SOI substrates, and this semi-conductor substrate, and the 
semi-conductor film formed in the top face of this insulator layer The oxygen sludge consistency formed so that said 
semi-conductor substrate for SOI substrates might touch an interface with said insulator layer Zero or the 1st layer of a 
low consistency, It is characterized by having the 2nd layer which has the oxygen sludge consistency higher than the 1 st 
oxygen sludge layer concerned formed in fields other than this 1st oxygen sludge layer. 

(2) The manufacture approach of the SOI substrate concerning the 2nd invention While an oxygen sludge consistency 
forms zero or the 1st layer of a low consistency near the front face of this 1st semi-conductor substrate by heat-treating 
to the 1st semi-conductor substrate The heat treatment process which forms the 2nd layer which has an oxygen sludge 
consistency higher than the 1st layer of the internal above of said 1st semi-conductor substrate, The adhesion process 
which pastes up said 1st layer of said semi-conductor substrate, and the 2nd semi-conductor substrate through an 
insulator layer, The 1st processing process which processes said 2nd semi-conductor substrate to predetermined 
thickness, and forms the semi-conductor film, It is characterized by having processed said 1st semi-conductor substrate 
after said layer formation process, said adhesion process, or said semi-conductor film formation process, and having the 
2nd processing process to which said 2nd layer is exposed. 

[0016] 

[Embodiment of the Invention] Hereafter, this invention is explained more to a detail, explaining the operation gestalt of 
this invention. 

[0017] Drawin g 1 is the sectional view showing the structure of the SOI substrate concerning this operation gestalt. 
[0018] In this drawing a silicon substrate (it is equivalent to "the semi-conductor substrate for SOI substrates" of the 1st 
invention) 101 Oxygen sludge (BMD;Bulk Micro Defect) Si02 to carry out The defect-free layer 102 whose 
consistency is the layer of zero (it is equivalent to the "1st layer" of the 1st invention), The consistency of an oxygen 
sludge (similarly Si02) is equipped with the oxygen sludge layer (it is equivalent to the "2nd layer" of the 1st invention) 
103 which is a layer of 5x105 cm-2. Moreover, in the front face of the defect-free layer 102, it is Si02. The film (it is 
equivalent to the "insulator layer" of the 1st invention) 104 is formed. Furthermore, this Si02 The single-crystal-silicon 
film (it is equivalent to the "semi-conductor film" of the 1st invention) 105 is formed in the front face of the film 104. 
[0019] Drawing 2 is the process sectional view showing the manufacture approach of the SOI substrate shown in 
drawing 1 . 

[0020] ** An oxygen density is the P type silicon substrate 201 (it is equivalent to "the 1st semi-conductor substrate" of 
the 2nd invention) of 15xl017cm-3 first H2 It heat-treated in the ambient atmosphere. Heating temperature at this time 
was made into 1200 degrees C, and heating time was made into 1 hour. Thereby, as shown in drawin g 2 (a), in the field 
by the side of front flesh-side both sides of the Si substrate 201, the dissolution oxygen in this substrate 201 was emitted 
outside, and the defect-free layer 202 of zero was formed for the oxygen sludge consistency. On the other hand, in other 
fields, the oxygen sludge (Si02) was formed from the dissolution oxygen in a substrate 201, and the oxygen sludge 
layer 203 of 5x105 cm-2 was formed for this oxygen sludge consistency. 

[0021] Here, the thickness of the defect-free layer 202 was 10 micrometers, respectively. In addition, this thickness is 
controllable by adjusting the temperature and time amount of heat-treatment. 

[0022] As a silicon substrate 201, it is CZ (Czochralski). What was produced from the ingot raised by law was used. 
This is because the ingot raised by the CZ process contains oxygen from the first, so the special process for making a 
silicon substrate 201 contain oxygen becomes unnecessary. 

[0023] In addition, as an oxygen density of this silicon substrate 201, the value measured by the specification of old 
ASTM was adopted. 

[0024] ** Next, use the oxidizing [ thermally ] method for the front face of a silicon substrate 204 (it is equivalent to 
"the 2nd semi-conductor substrate" of the 2nd invention), and form the thermal oxidation film 205 (Si02 film; it is 
equivalent to the "insulator layer" of the 2nd invention) with a thickness of 2 micrometers in it. 
[0025] ** And as shown in drawin g 2 (b), this silicon substrate 204 was pasted up on the silicon substrate 201 . It is N2 
in order to make adhesion firm at this time. It heat-treated in the ambient atmosphere. Heating temperature at this time 
was made into 1 100 degrees C, and heating time was made into 30 minutes. 

[0026] ** Then, as shown in drawin g 2 (c), about 50 micrometers of rear faces of a silicon substrate 201 were ground, 
and the oxygen sludge layer 203 was exposed at this rear face. 

[0027] ** Finally, as shown in dr awin g 2 (d), by grinding the front face of a silicon substrate 204, the semi-conductor 
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film 206 with a thickness of 10 microm^rs was formed, and the SOI substrate con^jning this operation gestalt was 
completed. 

[0028] In addition, although the polish^TOcess (above-mentioned process **) for exposing the oxygen sludge layer 203 
of a silicon substrate 201 is performed after the process (above-mentioned process **) on which a silicon substrate 201 
and a silicon substrate 204 are pasted up, process ** may be performed before process **, and may be performed after 
the polish process (above-mentioned process **) of a silicon substrate 204 here. 

[0029] When the curvature of the SOI substrate (it is described as "the operation gestalt 1" below) produced by the 
production process as shown by dr awin g 2 was measured, it was about 40 micrometers. 

[0030] Moreover, when curvature was measured also about the SOI substrate (it is described as "the operation gestalt 2" 
below) which produced by performing the above-mentioned process ** before the above-mentioned process **, it was 
about 40 micrometers like the above. 

[0031] When above-mentioned process ** and ** were not performed, but the SOI substrate was produced as a 
conventional example on the other hand by the production process which made other process **, **, and ** the same 
conditions and the curvature of a substrate was measured, it was about 130 micrometers. 

[0032] Then, the high power MOS IC was made as an experiment using each SOI substrate of the operation gestalt 1, 
the operation gestalt 2, and the conventional example. Consequently, about the conventional example, that it is hard to 
double a focus at a photolithography process, it did not become and maintenance and immobilization of the substrate by 
the vacuum chuck, an electrostatic chuck, etc. were not completed. On the other hand, about the SOI substrate of the 
operation gestalt 1 and the operation gestalt 2, such a problem was not generated at all. 

[0033] Thus, according to this operation gestalt, a SOI substrate with little curvature can be manufactured only by 
adding the process (above-mentioned process **) which forms the defect-free layer 202 and the oxygen sludge layer 
203, and the process (above-mentioned process **) at which the rear face of a silicon substrate 201 is ground and the 
oxygen sludge layer 203 is exposed. That is, according to this operation gestalt, a SOI substrate with little curvature can 
be cheaply manufactured by the simple production process. 

[0034] In addition, it is H2 as a controlled atmosphere at the process (above-mentioned process **) which forms the 
defect-free layer 202 and the oxygen sludge layer 203 with this operation gestalt. Although gas was used, non-oxidizing 
quality heat treatment which used gas, such as CO, Ar, helium, Ne, Kr, and Xe, is also employable. Moreover, it is IG 
(Intrinsic Gettering) as above-mentioned process **. You may carry out combining oxidizing quality heat treatment of 
the elevated temperature by law, a moderate temperature, or low temperature. 

[0035] Although they are not restricted, in order to make the curvature of a substrate fully ease, as for especially heat 
treatment conditions, such as heating temperature in the above-mentioned process **, and heating time, it is desirable to 
set conditions that the thickness of the defect-free layer 202 is set to 25 micrometers or less, and the oxygen sludge 
consistency of the oxygen sludge layer 203 becomes more than 1x105 cm-2. 

[0036] Furthermore, although [ this operation gestalt ] the semi-conductor film 206 is produced by grinding the front 
face of a silicon substrate 204 (above-mentioned process **), it may replace with polish and wet etching, dry etching, 
etc. may be used. It is possible to adopt wet etching, dry etching, etc. also as a process (above-mentioned process **) at 
which similarly the rear face of a silicon substrate 201 is ground and the oxygen sludge layer 203 is exposed. 
[0037] Although [ this operation gestalt ] the thermal oxidation film 205 is formed in the front face of a silicon substrate 
204 using the oxidizing [ thermally ] method (above-mentioned process **), this thermal oxidation film 205 is good also 
as forming in the direction of a silicon substrate 201 . moreover, this thermal oxidation film 205 - replacing with - 
CVD (Chemical Vapor Deposition) law and PVD (Physical Vapor Deposition) - the oxide film formed by law may be 
used - further, it may replace with the thermal oxidation film 205, for example, other insulator layers, such as a silicon 
nitride and polycrystalline silicon film, may be used. 

[0038] what is limited to this although what was produced as a P type silicon substrate 201 from the ingot raised by the 
CZ process was used (above-mentioned process **) - it is not - for example, MCZ - law and CCZ - law and DLCZ - 
the ingot raised by law etc. may be used. However, in order to fully ease the curvature of a SOI substrate, it is desirable 
for a dissolution oxygen density to use three or more [ 12x101 7cm - ] substrates. Furthermore, it may replace with a P 
type substrate, an N type substrate may be used, and especially surface crystal orientation is not limited, either. 
[0039] Furthermore, the effectiveness same also as replacing with the defect-free layer 202 and forming the oxygen 
sludge layer of a low consistency can be acquired. 
[0040] 

[Effect of the Invention] As explained to the detail above, according to this invention, the curvature of a substrate can be 
eased and a SOI substrate with a cheap manufacturing cost and its manufacture approach can be offered. 
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3 

mmm* o ^i^^ww^s^wr zm2 <om± . 
( 2 ) m2 (d^bjcc^^ s o i mfo<D$mjomz. m 1 

<m 1 cog & 4 4 & tt\ m^m 1 o^iftst 

<DI*)SPiiJfB!?l 1 <DJ1<£ 9 ^(^c^^wa^^^wr^ 

J|l2CDJi£^/&T£^J&SXe4, fMB¥^f**&Ori* 

t b» 1 cds 4 ai 2 <D¥m&m& t zt&mmzfr or mm 
rzmmnmt , f?fBSg 2 <o^mmtVi^mm<oms s 
rflnx t t ¥^#il£?&arr £ m 1 <o Jraxxe 4 , ButB 

M^XS^. fjfBSSX^^/c^SMlB^ftMff^ 

xgm^fFiamio^#«^^jjnxur, faia^2© 

Jl£31ffi£tfSlg2<DJn]XX©4, £{ix/cC4£^ 

4-r*. 

[0016] 

[ 0 0 1 7 ] a 1 », *mmi&K.%z s o 1 s®©« 

[0 0 1 8 ] HB«:**ir»T. ^W3>1R 
co r s o 1 &ct@^T£ ) lout 

M^Wffl^9(BMD;Bu1k Micro Defect) tUXOS i O, 
(Dffifl[3&J*<DJi-C*S«ftXffi» (Ml <D&W<D rm 1 © 
Jtj KIBITZ) 10 24, BH»Ttij«l <HD< S i O 
< ) ®«S?J«5xi 0 s cm-'OJBrfcSK^HffllJB 

x.ti^ 0 1 0 2 commit, s i o, 

m (* 1 ©»98<o mum j &cfg^r 3) 1 0 a imsk 

[0 0 1 9] H2tt, iHcSUSO IISOIBS* 
ffi%^-T XgKffiH^ * Z> c 

[0 02 0 ] CD£lT\ ffiSi«g*U5xl 0 17 cm- 3 CD 
PS^y3>lS2 0 1 (*2<D#W1<D rgio^fl: 

c©4*oaB»asw 1 2 0 0 e c, mmzmx 1 ^4 

U/c 0 cntCiD. 02 (a) tC^Ofc^CC, S il 

«2oi <DmMWmm<DW$X'\z, ccomm.2 0 1 ^<d 

^P@ji2 0 2 3W&ffiSftfc. —77. *©flfc©««-cK, 
s«2 0 1 *<Dmmmm>hwm$Tm& <s i o, > # 

M^tit, C©BBR«r(a««a[*J5x 1 0 s cm- 2 © 
KSS*TiB*»JB2 0 3»St$n/c. 

[ 0 0 2 1 ] c cx\ mxv&m 202 cd/is ^-n-e 
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[0 0 2 2 ] ^ U 32 >S®. 2 0 1 4 LTtt. C Z (Czoch 

ralski) .^-CWfltUfc-f>=f^ h*6ffHlfcfe©*« 

MMltt^/cfe, ->U=3>S«2 0 UcBflH&ft 
W £ tfS fcabCDftSB fcXga^FS 4 ft 4 6 -C* 5 . 

[0023] ^cfc, c©^y3>i«2oi©8asiflE 

iim IBASTM©a»tCj:oriBfJSUfcfil«:J«ffl 
10 [0 024](2)»C > >";n>®&2 0 4 (Jfl2C>P£BE 
ffi«rfl!l>T, »S2 /xm<30«BMfcl«2 0 5 (SiO 

[0 02 5 ] O^l/t, 02(b) K^O/tJ:^^ C 
3 2 0 4**>y3>»K2 0 1 fC«»L 

H»*r«yaai*?T-3fc. c<Dt^<Dumum^i i o 

20 [0 02 6] <3)^t^T, 02 (c) ^^L/fcJ:^^, is 
»;3>ifi2 0 l<Dli*iB5 0 MmffSUt, COM 
ffiiCK^WW^ii 2 0 3OT? #/c 0 
[0 02 7] 02(d) (C^b/cj:^^. i> 

'J3>lfi2 0 4<Df^®^iFST^c4^:J:orJ^$ 1 
0 nm(D^mWm2 0 6^WLt, ^U6J^JBtc«^ 
SOIS«^S^/c. 

[0028] &*5 S ccra, 2/»j3>Sfi2 0 10® 
mtmmm2 0 3*mm2i±ztczb(Dwmj:n (±tex 

e©) ^> .>"J3>SS2 0 1 ii/';a>«S2 04 4 
30 ^fjif^ll (±!BXfIO) CDfi-CtT^ C 4 4 Ufc 

v ^ >s« 204 (Dmrnnim (±ssxe©) ©swetr 

[ 0 0 2 9 ] 0 2 T*^L/c J: ^ ttlSBSnMrfHR L/c S 
O I m$i OUr rjBWtt 1 j 4SBT) OSO^ig'JSU 
/ciC6, 4 0(imiSt*ofc. 

[0 03 0 ] ±fBXM©^J:IBXfia)C0Bj{Ctf o 

rm/cso is® («r rnsi0®2j 4tam k 

^Tiog^IK^ciC5, ±K4Ria, 4 0 um 
40 fi^C£>o/Co 

[003 1 ] SeSSWi l/T, ±§BXe0, ©*?f 

to-r, fficDX^o, o. ©^H-^fr4u^SKixfir 

3 0 /zmggr^o/c, 

[0032] , mmxm i , mmm2 s m^m 

(D§SO I^*«C»TjeflWMOSJ(WIg|K*KffL 

so Ltc a mmmm 1 fcj:a f ieifsS2©so i mm. 



J 



(4) 



[0 03 3] t<D£5&c\ J: titf, ftftK 

12 0 2«5«fcVBBR«fU«JI2 0 3 <± 
SEXgO) i\ V'J3>1«2 0 1CDS®£W^UTK 
3WrHf»»2 0 3^ffl?#^II (_hf2X@3» *j| 

arrsfcfcre, sd so usirsat^ci 
^soias«*. ss^iiitsKSiit^ci 

#-c#£ e 10 
[0 03 4] *HJ6}&S8T«, $£XPt5/12 0 2 *> 

J:D f M«mi2 0 3^Mt^XS (±KXS0) 
T\ fflia^iLTH, W^Lfc^ CO, A 
r, He, Ne, Kr, X e9©**X*ffll^|«<btt 

"C, I G (Intrinsic Getterinq) j£&C J: tpS^ 

[0 03 5] ±BBXS®fC*WSflfi»»fl[, AdK^IB9 

©S»)*+»«:««1S-S^fc«b&cw, *EfcRBJB2 0 2CD 20 

5 MmHTiaO, lo, BO»fU«9lB2 0 3 
©KWfffiMS^l x 1 o 5 ciir l kLb£&SJ;5K 

[0036] s &tc % **jBS?KS8-c«, > »; ^>ffi£2 

0 4 ©II^IBt l> C i fc J; -3 iftl 2 0 6*fF 
UT^CiilW <_hIBX^<5>) , W^6c«x.rM^ 

^«;3>1«2 0 KDHHSrWBfLrBWWaWil 
2 0 3*£im£i±£X*S (iSBXfSS)) iOri, 
X y * > ^ F 7 X 9 * > ^ * T Z> C <t 3&*nJ#g 30 

[0037] oow^»rtt, W^^t^ri/ »; a 
>SS2 0 4(D*ffiK:j!ft»{blR2 0 5 ZBtitfrZ ctt 
Otc& (J:ETg®> , C<t)*i»ffcK2 0 5B2/'J3> 
2 0 leyfilcj&i&tirzctt LTfeJrc^ Sfc, c 
CDf^g?{tJ^2 0 5&Cftx.T, CVD(Chemica1 Vapor De* 
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position) ft-^PV D (Physical Vapor Deposition)^ 

[003 8] PS^>'J3>IS2 0 1 <h CZS 
(XfEXIKD) . CtiWf?ti^^©tW<, 

UMcza, ccza, DLcz'Sftt^i/c-o^ 

^iiil/tiJ:^ {it, SOIIfi©S9S:+# 
{C««rr4fc*cctt, BjgBBRiftS*' l 2 x l 0 17 c m 

[0 03 9 ] $ JRiXHjH2 0 2 &Cftx.Tffi^jg<D 
[0 04 0] 

s o 1 m&toxa^vimyjmz&mTzz a 

[0ffiO)tS^^] 

[HI] *«B8©— iaBK«CC«* S O I IfiOffil^ 

[02] (a) - (d) ifctc, ailc^UfcSO IS 
SOMJB^ffi* ^tlgili T * * . 
[S3] ^3feOSO IS«0«Bft*7n"r»riBia-C**. 
[flF#©BHB] 



10 1, 
1 0 2, 
1 0 3, 
1 0 4 
1 0 5 
204 
20 5 
20 6 



2 0 1 
2 0 2 
2 0 3 
S i O, fit 



[HI ] 



'///;////// /////////, 




-105 
-104 
-10^ 
-103, 



3 )«o. 
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-303 

-302 
-301 



(5) §i?9 - 64 3 1 9 



[02] 



(a) 



-202 
-203 



201 



(b) 



-205 
-204 



-202 
-203 



;} 20 i 



(c) 




201 



(d) 




201 



